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Title of the invention 

OPTICAL FIBER, METHOD FOR MANUFACTURING SAME 
AND OPTICAL TRANSMISSION CHANNEL 

Background of the invention 
Field of the invention 

The present invention relates to an optical fiber, a method for 
manufacturing same and an optical transmission channel. Particularly, the 
present invention relates to an optical fiber used in optical communications 
of a long-haul large-capacity transmission system using wavelength 
division multiplexing (WDM) technology, an unrepeated submarine optical 
cable system or the like, a method for manufacturing same, and an optical 
fiber and an optical transmission channel used in the wavelength division 
multiplexing (WDM) optical transmission. 

Related art 

Usually, a wavelength used of an optical transmission signal on a 
single-mode optical fiber (SMF) for optical transmission is often in the 
vicinity of 1,300 nm (1.3 urn) or 1,550 nm (1.55 urn), while a wavelength 
used for a WDM transmission optical fiber is 1,550 nm (1.55 um) where 
transmission loss decreases. 

Recent years have seen development of a WDM transmission 
system as well as growing demands for suppression of non-linearity and 
suppression of dispersion. 

In such a situation, there has been proposed for long-haul 
large-capacity transmission fibers, a dispersion managed transmission 
channel comprising a combination of an optical fiber 1 provided at the 
anterior portion having an increased effeotive area (A^), positive chromatic 
dispersion and a positive dispersion slope and an optical fiber 2 provided at 
the posterior portion having negative chromatic dispersion and a negative 
dispersion slope, as shown in Fig. 1, to achieve lower residual dispersion as 
a whole. 

In addition, an optical fiber having increased effective area (Aes) is 
also utilized in an unrepeated submarine optical cable system used for 
communication between near-sea islands so as to suppress non-linearity. 
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Known as a manufacturing method of these WDM ^mission 
Known as a m compositing methods such as a VAD 

single-mode opncal fibers are some corapositmg (0utside V apor 

method and a method of combination thereof. 

Further as a method for increasing transmission capacity in optical 

optical fibers used in the WDM optical transmission. 

Known as an optical fiber usable in the WDM optical transmission 
Known as an opu Aspersion wavelength m 

„ a sing^mode ^£^££ fiber (NZDSF) 

the vicmity of 1.3 urn, a non m » « F waveleneth range and the 

having no zero dispersion ^^^^lof non-Unearity 
like. However, in these optical fibers, there is a P roD * m 
*1 as self-phase modulation (SPM) or cross-phase modulate (XPM). 

In order to solve the problem of non-Unearity for the optical fibers 
, * £Z?£Z has developed an optical fiber having a chromatic 
described above, mere nas ucvcx y r . j effective area 

dispersion that is sufficiently far from zero » d e ^^D/ x «W, 
(A^. The eflecuve area » > "P^^*' e ^ ^Topical fiber is 

dt^P^d^^ 



C-3-76andC-3-77. 



Such an optical fiber as ^ ^J^SSSt 
proceedings has a chronic d^on^f „ 
Because of this cbxomahc dispersion, the ""T tong-haul WDM 
increased, which makes the optical fiber unsuitable for long n 

optical transmission. 

Summary of the invention „„tical fiber in which a 

A first aspect of the present invention is ^ °^ C ^^ ^ ^ 
dispersion wavelength falls within a range of between 1,250 nm and 
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1,350 nm inclusive, moc^on™ 
transmission loss at 1 ,550 nm is equal to or less than 0.1 85 dBta, 
chromatic dispersion at 1,550 nm is within the range of 19 ± 1 

ps/nnrkm, 

a dispersion slope at 1,550 nm is equal to or less than 0.06 ps/nm 2 * 

^ an effective area at 1,550 nm is equal to or more than 105 m \ 
a cable cutoff wavelength is equal to or less than 1,530 nm, 
polarization mode dispersion at 1550nm is equal to or less than 0.1 

PS/kml/2 a rTatrobending loss at 1,550 nm when the optical fiber is wound on 
a mandrel having an outer diameter of 20 mm is equal to or less than 10 
dB/m. 

A second aspect of the present invention is an optical fiber 

region provided in a center of the optical fiber bavmg a 
refractive index difference Anl relative to a refractive index n0 of stlxca and 

an outer diameter of a; ^ „ 

a second region toured around said first region, tavmg a retf^ve 
index difference An2 relative to the refractive index nO of suaea and an 

outer diameter of b; ^-Rrc^w 
a third region formed around said second region, having a refractive 
index difference An3 relative to the refractive index nO of sdrca and an 

^'SZZS.a formed around said third region, having a refractive 
iadex diflerence An4 relative to the refractive index nO of surca and an 

outer diameter of d; and , . . - 

a fifth region formed around said fourth region, having a refractive 
index difference An5 relative to the refractive index nO of sihea and an 
outer ^ iUEgmM Anl ^ An5 satisfy a 

relationship as follows: 

An2 < An4 < An3 < An 1 
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Anl, An2,An3, An4 <0 
An5>0 

A third aspect of the present invention is an optical fiber according 
to the second aspect, in which the outer diameter a of said first region, the 
outer diameter b of said second region and the outer diameter c of said third 
region satisfy a relationship as follows: 
1.20 ^ b/a ^ 2.00 

1.44 ^ c/a S 4.00. 

A fourth aspect of the present invention is an optical fiber according 
to the second aspect, in which the refractive index differences Anl, An2 and 
An3 are defined as follows: 

-0.1% < Anl < 0% 

-0.5% g An2 % -0.2% 
-0.4% ^ An3 S -0.1%. 

A fifth aspect of the present invention is an optical fiber according 
to the second aspect, in which the outer diameter e of said fifth region and 
the outer diameter d of said fourth region satisfy a relationship as follows: 

0.040 ^ {(e-d)/2}/e ^ 0.096. 

A sixth aspect of the present invention is an optical fiber according 
to the second aspect, in which the outer diameter e of said fifth region and 
the outer diameter d of said fourth region satisfy a relationship as follows: 
e = 125 fun 

5 um ^ {(e-d)/2} S 12 um. 

A seventh aspect of the present invention is an optical fiber 
including: 
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a first region provided in a center of the optical fiber, having a 
germanium concentration of (mol%) and a fluorine concentration of 

C F , C^**^ reg . on fonned said first region, having a 

germanium concentration of C Ge2 (mol%) and a fluorine concentration of 

Cn(m ^mird region formed around said second region, having a 
germanium concentration of C Ge3 (mol%) and a fluorine concentration of 

^^Tfourth region fonned around said third region, having a 
germanium concentration of 0*4 (mol%) and a fluorine concentration of 

C F4 (mol%); and 

a clad portion formed around said fourth region, 

in which the germanium concentrations C Ge i through Co* ana 
fluorine concentrations C F1 through C F4 satisfy a relationship as follows: 
-0.1 < 0.096 x Coei - 0.398xC F | < 0 

-0.5 £ 0.096 x Coe2 -0.398xCf2 ^ -0-2 

-0.4 ^ 0.096 x C Qe3 -0.398xCf3 = -0.1 
.0.5 < 0.096 x Com -0.398xC F4 < -0.1 

An eighth aspect of the present invention is an optical fiber 
according to the seventh aspect, in which the germanium concentrations 
Chough Co* and fluorine concentrations C F) through C F4 satisfy a 
relationship as follows: 

Cocl, Cgc2, Coe3> C Qe4 = 0 
C F ,,Cf2,Cf3,C F 4>0. 

A ninth aspect of me present invention is an optical fiber according 
to the seventh aspect, in which the germanium concentrations Cce. through 
Co. and fluorine^ concentrations C n trough C F4 satisfy a relationship as 
follows: 

C Ge j, Cpi > o 

Ccc2, CGe3, Co*4 = 0 
Cfz, C n , C F4 > 0. 
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A tenth aspect of the present invention is an optical fiber according 
to the seventh aspect, in which the germanium concentrations Coci through 
Cca* and fluorine concentrations C Fl through C F4 satisfy a relationship as 
follows: 

Co.i,Cpi>0 

CGt2 = 0,C ra >0 

Coe3, Cf3 > 0 
Coc4, = 0,C F4 >0 

An eleventh aspect of the present invention is a method for 
manufacturing an optical fiber which includes: 

a to region provided in a center of the optical fiber having a 
refractive index difference Anl relative to a refractive index nO of silica and 

an outer diameter of a; 

a second region formed around said first region, having a refractive 
index difference An2 relative to the refractive index nO of silica and an 

outer diameter of b; , «-.... ^h™ 

a third region formed around said second region, having a refractive 
index difference An3 relative to the refractive index nO of silica and an 

outer diameter of o; . . 

a fourth region formed around said third region, having a refractive 
index difference An4 relative to the refractive index nO of silica and an 

outer diameter of d; and , . 

a fifth region formed around said fourth region, having a refractive 
index difference An5 relative to the refractive index nO of silica and an 

outer diameter of e, fil „ 

in which the refractive index differences Anl through An5 satisfy a 

relationship as follows: 

An2 < An4 < An3 < Anl 
Anl , An2, An3, An4 < 0 

An5 > 0, 

a zero dispersion wavelength of the optical fiber fells within a range 
of between 1,250 nm and 1,350 mn inclusive, _ 

the first region has a germanium concentration of Qw (mol/o) and 
a fluorine concentration of Cfi (mol%), 
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the second region has a germanium concentration of C Gc2 (mol%) 
and a fluorine concentration of C ra (mol%), 

the third region has a germanium concentration of C Gc3 (mol/o) and 
a fluorme concentration of C F3 (mol%), , mrt ,o/>> 

the fourth region has a germanium concentration of Co* (moi/o; 
and a fluorine concentration of C F4 (mol^o), and , , _ 

the germanium concentrations C Gb1 through and the fluorme 
concentrations C F , through C F4 satisfy a relationship as follows: 
-0.1 < 0.096 * Coei - 0.398xC F , < 0 

-0.5 ^ 0.096 x Coe2 -0.398*Cra ^ -0.2 

-0.4 S 0.096 x Cqob -0.398 xCf3 = -0.1 

-0.5 < 0.096 * Cg<* -0.398xCp4 < -0.1, 
said method wherein, in synthesizing soots which are to be said first 
through fourth regions, respective soot synthetic raw materials mcludmg 
silica are doped with predetermined amounts of germanium and/or fluonne 

to synthesize the soots, and 

in vitrification of the synthesized soots to form a transparent glass, 
the soots are sintered in an atmosphere including fluorine and/or chlorine. 

A twelfth aspect of the present invention is a method according to 

the eleventh aspect including: 

a first step of synthesizing a first soot, which is to be the first region, 
and heating and vitrifying the first soot to form a firstglass; 

a second step of synthesizing a second soot, which is to be the 
second region, around the first glass formed at said first step and heafcng 
and vitrifying an obtained first glass-soot composite to form a Urst 
compositegl^ ^ % ^ ^ ^ fe to be ^ M 

region, around the first composite glass formed at said second step and 
heating and vitrifying an obtained second glass-soot composite to form a 

second --^^„ g a fourth soot , whi ch is to be the fourth 
region, around the second composite glass formed at said third step and 
heating and vitrifying an obtained third glass-soot composite to form a third 
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composes Qf synthesi2ing ft fiflh gooti which i s to be *e MM 
region, around the third composite glass formed at said fourth ^stepand 
Jakg and vitrifying an obtained fourth glass-soot composite to form a 
fourth composite glass, which is then formed into an optical fiber preform, 

a sixth step of heating and drawing an end of the optical fiber 
preform to form the optical fiber. 

A thirteenth aspect of the present invention is an optical fiber in 
WhiCh an absolute value of a chromatic dispersion at 1,550 nm falls with a 
range of between 4 ps/nm- km and 20 ps/nnvkm inclusive, 

a dispersion slope at 1,550 nm falls with a range of between 0.05 
ps/nm 2 • km and 0.08 ps/nm 2 ■ km inclusive, 

transmission loss at 1,550 nm is equal to or less than 0.2 dB/km, 

^ ^ effective areaA^ at 1,550 nm is equal to or more than 80 urn 2 . 

A fourteenth aspect of the present invention is an optical fiber 

^"center core provided in a center of the optical fibex, havmg a 
refractive index difference Al relative to a refractive index n0 of silica and 

an outer diameter of A; . 

a side core formed around said center core, having a refractive 
index difference A2 relative to the refractive index nO of silica and an outer 
diameter £B;^ ^ ^ ^ ^ ^ ^ tive ^ 

difference A3 relative to the refractive index nO of silica; and 

a second clad formed around said first clad, and 

in which the refractive index differences Al through A3 satisfy a 
relationship as follows: Al > A2 > A3 

A fifteenth aspect of the present invention is an optical fiber 
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according to the fourteenth aspect, in which the refractive index differences 
Anl , An2 and An3 are defined as follows: 
-0.20% ^ Al ^ 0.20% 

-0.45% ^ A2 ^ -0.05% 

-0.50% ^ A3 ^ -0.20%. 

A sixteenth aspect of the present invention is an optical fiber 
according to the fourteenth aspect, in which the outer diameter A of said 
center core and the outer diameter B of said side core satisfy a relationship 
as follows: 

0.3 ^ A/B ^ 0.8, and 

a viscosity of said second clad is higher than a viscosity of said 
center core. 

A seventeenth aspect of the present invention is an optical 
transmission channel of which an optical fiber according to the first or 
second aspect of the present invention is used in at least one part, 

A eighteenth aspect of the present invention is an optical 
transmission channel of which an optical fiber according to the thirteenth or 
fourteenth aspect of the present invention is used in at least one part. 



Brief description of the drawings m 

Fig 1 is a view illustration a configuration of a dispersion-managed 
optical transmission channel to which is applied an optical fiber of the 

present invention; . „ _ . . 

Fig 2 is a view showing a configuration and refractive index 
distribution of an optical fiber according to a first embodiment of the 

present invention; . . 

Fig. 3(a) to Fig. 3(o) show an example of a manufacturing method 

of the optical fiber shown in Fig. 2; 

Fig. 4 is a view showing a configuration and refractive index 
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distribution of an optical fiber according to a second embodiment of the 
present mven on, ^ ^ showing a configuration and refractive index 
distribution of an optical fiber according to a third embodiment of the 
presentmvention^ explanatory view showing an example of 

refractive index distribution of an optical fiber according to the present 
invention^ ^ ^ ^ view showing refractive index distribution of a 

comparative example; and 

Fig. 8 is a table of characteristics of an example of the present 

invention and the comparative example. 

Detailed description of the invention „ . . 0 

Preferred embodiments of an optical fiber and a m^ufacttirmg 
method of the same according to the present invention will be described 
below with reference to the accompanied drawings. 

is an object of the present invention to provide a low transmisston 
loss optical fiber having a zero dispersion wavelength in the vicinity of 
1300 nm (1.3 vun) and a manufacturing method of the same. More 
p^cTly is^provide an optical fiber of a zero dispersion wavelength 
He « of U00 nm (1.3 urn), which have excellent transmission 
"haracteristict when being applied to a dispersion-magged optical 
transmission channel, and a manufacturing method of the same. 

^^^^n is made, as one embodiment of an optical fib. 
according to me present invention, about an optical fiber 1 provided at the 
an^rtr portion P of a dispersion-managed optical 
shown in Fig. 1, that is, WDM transmission smgle-mode optical *« £ 

The dispersion-managed optical transmission channel shown in Fig. 
1 comprises a combination of an optical fiber 1 provided at me anterior 
PoXn nTving an increased effective area PJ-£ jo 

Lpersion and a positive dispersion slope and an optical fiber 2 provided at 
^posterior portion having negative chromatic dispersion and a negative 
dispersion slope to achieve low residual dispersion as a whole. 
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r^nfi piiration rwacteristios of Optical fiber 

— 2 shows - configuration of a WDM transmission smgle-mode 

optical fiber (SMF) 1 with zero dispersion wavelength in the vicimtyof 
1300 nm (13 urn), having an increased effective area (A^, positive 
c^ouTc dispeS and a positive dispersion slope, and a refracts index 
profile thereo^according to the first embodiment of the 

The optical fiber shown in Fig. 2 has a first region (A) (or a first 
core portion or a first optical signal propagation region) 101 
the center of the optical axis of the optical fiber a second region ^) (or a 
second core portion or a second optical signal propagation region) 102 
formed around the first region (A) 101. a third region (C) (or a third core 
portion or a third optical signal propagation region) 103 formed around the 
second region (B) 102, a fourth region (D) (or a fourth core porUon or a 
SuX optical signal propagation region) 104 formed around die tin* 
region (C) 103 and a fifth region (E) (or a cladding portion or an outermost 

laver reeion) 105 formed around the fourth region (D) 104. 

layer ^ ^ ^ & ^ ^ ^ resm 

around foe outermost layer region 105 thereof, however its illustration is 
omitted herein. 

The first region (A) 101 has diameter of "a" and refractive index of 
«ni». The second region has outer diameter of «V and refiacttve index of 
«n2" The third region has outer diameter of "c" and refractive index of 
W Tbe fourth rfgion has outer diameter of «d» and refracfcve index of 
£4-. The fifth region has outer diameter of "e" and refractive index of 

" n5 "' The refractive index of a silica glass which is not doped witii a 
dopant for increasing or decreasing the refractive index is assumed as 
having a refractive index of nO of reference. , 

Relative refractive index differences (first through fifth relative 
refractive index differences) Al through A5 between the reference 
refractive index nO and respective refractive indexes Anl through An5 are 
defined by the following equation 1 . 



Equation 1 
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H2 2 - nO 2 n 2 - no 



n3 2 - nO 2 n3-n0 
An3_ 2n3 z " n3 



n4 2 - nO 2 n4 - no 
AM n4 



n5 2 -nQ 2 n5-no 
2n5 2 n5 



An optical fiber according to the first embodiment of me present 
invention is configured of tee optical-signal propagation layers as 

follows: . „ . «.„i 

(1) The first region (A) (or a first core portion or a first optical 
signal propagation region) 101 positioned in the center of the optical fiber 
of which tbe refractive index difference relative to the refractive index nO 
of silica is a first relative refractive index difference Anl less than 0 and the 

outer diameter is a. A 

(2) The second region (B) (or a second core portion or a second 
optical signal propagation region) 102 formed around the first region (A) 
lO^of wSchL refractive index difference relative to the refractive index 
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„0 of silica is a second relate refractive index difference ^""<£r£ 
« ixtl value of the second relative refiactive urdex dribwee ,A»2 
Sirt more than an absolute value of tire first relative reft^ve tndex 
^iffwnce Anl and the outer diameter is b, 
* ^e Zd region (C) (or a third core portion or a 

1 • in-* formed around the second region (B) 102, 

signal propagation region) l03 J°^^™* e to ^ ^fra^e index nO 
of which fee refractive mdex fefference ^lafave to 
of silica is a third relative refractive index ^™<* A "*™* ™ 
absolute value of fee third relative refractive index difference An3 being 

v \ .^un^ i fu formed around the third region 

Ui^e ttaTthe absolute value of the third relaive reftacav, .index 
ST« -* «- *"» 4e absolute vahre of to second relative 

,H J *i?Zh«. »*» CD) 104. of which the 

SSffiSSt^ relative » - — ^ 
fifih relative refractive index difference AnS mote than 0 ana tne 



diameter is e. 



Relation of fire refractive indexes nO through nS and that of the 
^^ve index differences An. throng An5 are expressed as 

follows: 

n5 > nO > nl > n3 > n4 > n2 

AnKO 

/An2/ > /Anl/, An2<0 

/An3/ < /An2/, /An3/ > /Anl/, An3 < 0 



is 



/An4/ > /An3/, /An4/ < /An2/, An4 < 0 



An5>0 

Transmission Characteristics 

Based on consideration by the inventors of the present application, 
characteristic requirements (1) for an optical fiber having a zero dispersion 
in the vicinity of 1.3 urn (1,300 nm) according to the first embodiment are 
listed below. 

Characteristic requirements (1) 

(1) Transmission loss: 0.185 dB/km or less at 1,550 nm 

(2) Chromatic dispersion: 19 ± 1 ps/nui'km at 1,550 nm 

(3) Dispersion slope: within the range of 0.06 ± 0.01 ps/nm 2 -km at 
1,550 nm 

(4) Effective area A* ff : 105 urn 2 or more at 1,550 nm 

(5) Cable cutoff wavelength X^,: 1,530 nm or less 

(6) Macrobendmg loss on mandrel having an outer diameter of 20 
mm: 10 dB/m or less 

Grounds for the characteristic requirements (1) shown above are 

described below. . , . t . 

(a) The inventors of the present application intensively conducted 
experiments on and considered optical fibers comprising in TOM 
transmission channels, which results have seen that in an optical fiber 
suitable as a single-mode optical fiber having a zero dispersion wavelength 
in the vicinity of 1300 nm (1.3 urn), a cable cutoff wavelength 7^ is 1,530 
nmorlessandamacrobendinglosson mandrel having an outer diameter 
of 20 mm (20 mm<p) is 10 dB/m or less while an effective area is 105 
um 2 or more, thereby enabling large capacity transmission with 
non-linearity effect being suppressed. 

(b) In addition, chromatic dispersion at 1,550 nm is set at 19 ± 1 

ps/nm-km and transmission loss at the wavelength of 1,550 run is set at 
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0.185 dB/km or less, thereby enabling an average transmission loss to be 
reduced all over the transmission channel illustrated in Fig. 1. 

'""'SEES-, reonirements (2), a ratio of.be outer dian»,er b of 
the second region (B) 102 to the outer diameter a of the first regton A) 101, 
that is, b/a, and a ratio of the outer diameter o of the ted regton (C) 103to 
the ouW diameter a of the first region (A) 101, that is. c/a are preferably 
determined as below: 

Characteristic requirements (2) 

1.20 ^ b/a ^ 2.00, and 1.44 ^ c/a ^ 4.00 

Following description is made about requirements for the outer 
diameter ratio. When the outer diameter ratios b/a and ^ set ^or 
less and 1.44 or more, respectively, it is possible to enlarge an effective 
nrea A„«- without any increase in a macrobending loss. 

when the outer diameter ratio b/a is set at 1 JO ormoreand 
the outer diameter ratio c/a is set at 4.00 or less, the cable cutoff 
wavelength disallowed to be shortened to less than 1,530 nm (1-53 v*n). 

Vntby setting the outer diameter a of the first region (A) 101, the 
outer dianSer b of the second region (B) 102 and the outer diameter _c o* 
Z tmrd region (C) 103 so as to satisfy with the inequalities of the 
S^ristic r^nirements (2), it is possible to achieve a large-capacity 
single-mode optical fiber. 

p^otiw refractive ind ^ difference 

As characteristic requirements (3), description is made about 
refractive index differences Anl through An4 of the refractive mdexes of 
ZTZt region 101 through fourth region 104 relative to the refractive 
index of silica. 

Characteristic requirements (3) 
-0.1% < Anl <0°/o 

-0.5% ^ An2 ^ -0.2% 
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-0.4% S An3 ^ -0.1% 

/An4/ > /An3/, /An4/ < /An2/, An4<0 

Requirements for the relative refractive index differences are 
described below. 

When the first relative retractive index difference Anl is set at a 
negative valne more than -0.1%, the second relative refractive index 
difference An2 is set at -0.5% or more, the third relative refractive index 
difference An3 is set at -0.4% or more, an absolute value of the fourth 
relative refractive index difference An4 is set at a negative value more than 
an absolute value of the third relative refractive index difference An3 and 
less than an absolute value of the second relative refractive index difference 
An2, it becomes possible to prevent the transmission loss in the optical 
fiber from increasing while increasing an effective area A^. 

Here, the second relative refractive index difference An2 is equal to 
or less than -0.2% and the third relative refractive index difference An3 is 
equal to or less than -0.1%. These settings are made because if the 
second relative refractive index difference An2 was more than -0.2* jnd 
the third relative refractive index difference An3 was more than -0.1 /o, a 
cable cutoff wavelength would be longer than 1,550 nm (1 .5um). 

Since a cladding portion (or the fifth region (E)) 105 is provided as 
an outermost layer of the optical fiber, it is possible to dissipate tension 
which is applied on the core portion during drawing as described later. 
Therefore, the tension during fiber drawing can be readily controlled. 

The outer diameter e of the cladding portion 105 of the single-mode 
optical fiber is usually 125 urn. The thickness of the cladding portion 105 
formed around the fourth region (D) 104, which has outer diameter of d, 
depends on the number of optical propagation layers formed inside the 
cladding portion 105. For example, the cladding portion 105 of tire 
optical fiber shown in Fig. 2 is thicker while Ihe cladding portion 105 
shown in Figs. 4 and 5 is thinner. 

An example of the outer diameters a to e of the first through fourth 
regions (core portions) 101 through 104 and the cladding portion (fifth 
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region) 105 and the first through fifth relative refractive index differences 
Anl through An5 are listed in the following table 1. 



e 1 


Region 


Outer 
diameter 


Relative refractive 
index difference 
Anl = -0.02 


(2) 


First region (A) 101 
Second region (B) 
102 


a = 8nm 
b - 10.4 
um 


An2 = -0.41 
An3 = -0.25 


(3) 
(4) 


Third region (O 103 
Fourth region (D) 104 


c = 18.7 mn 
d - 111 urn 


An4 = -0.30 


(5) 


Fifth region (E) 105 


e - 125 urn 


An5 - + 0.03 



The outer diameter ratios b/a and c/a shown in the table 1 are: 

b/a- 1.3, c/a = 2.3375 
The thickness of the clad portion 105 is (125-lll)/2 - 7 urn. 

Kemiiremeptg for manu facturing optical fibers . 

In order to manufacture an optical fiber having first to fourth 
regions 101 to 104 with respective relative refractive index deferences Anl 
through An4 shown in the table 1, a dopant for changing refractive index, 
such as germanium, and/or a dopant for lowering refractive index, such as 
fluorine, are prepared where appropriate to be doped in a soot synthetic raw 
material based silica 

Germanium is used to increase the refractive index. However, 
since too much germanium doped in the siUca glass may cause a problem 
of Rayleigh scattering, an appropriate amount of germanium is preferably 

d ° Ped ' In addition, as fluorine is doped in the silica glass, the refractive 
index difference relative to the silica can be finely controlled, thereby 
obtaining a refractive index profile for realizing desired transmission 

characteristic, ■% 
As a result of an experiment made based on the above-mentioned 
technical background, the concentration of each of the dopants preferably 
falls within the range mentioned in the table 2 below, where the germanium 
concentration is indicated by C Ge (mol%) and the fluorine concentration is 
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indicated by C F (mol%). 



Table 2 



First re gion (A) 101 

« • / T * "\ 1 



Second region (B) 102 



Third region (C) 103 



.0.1 < 0.096 * Coe - 0.398xCp < 0 

-0.5 ^ 0.096 x Coe -0.398*Cf g -0-2 



•0.4 ^ 0.096 x C Qe -0398xCp ^ -0.1 




The coefficient of 0.096 means that 1 moM germanium is doped to 
increase the relative refractive index difference by 0.096 and *e coeffic^t 
of -0.398 means that 1 mol% fluorine is doped to decrease the relative 
refractive index difference by -0.398. Thus, by doping 
amount of germanium and/or fluorine, the relatrve refractive index 
^AnTof the first region(A) 101 is allowed to fall within the range 
of between -0.1 and 0. 

In vitrification of the synthesized soot to form transparent glass^ 
the soot is preferably annealed in an atmosphere M^ing ^ ^ 
fluorine and chlorine. Particularly, in vitrifying soots which are to be used 
^ region (A) 101 through the fourth region (D) V D4 chlorine can 

be used to eliminate water contained in me soots^ 
absorption loss by a hydroxyl group (OH group) which wul become a 

trouble after drawing. b , . M ^ 

It is also possible not to have germanium doped in the soot 
synthetic raw material containing silicon in every of the first region (A) 
101 to the fourth region (D) 104 (Cc-0). If the silica glass is doped with 
no germanium for adjusting the relative refractive index difference in ail 
Z region of the optical fiber, this means reduction of 
This makes it possible to suppress the Rayleigh scattering and to reduce the 
transmission loss. 

Or it is also possible that in synthesizing a soot for the first region 
(A) 101 germanium is added to the soot synthetic raw matenal while in 
^mesizmg soots for the second region (B) 102 through the fifth region 
<E) 105, no germanium is added to the soot synthetic raw material. 
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Further it is possible that in synthesizing soots of the first region 
(A) 101 and the third region (C) 103 both having high refractive indexes, 
me soot synlhetic raw material containing silicon is doped with germanium, 
while in synthesizing soots of the second region <B) 102, the fourth region 
(D) 104 and the cladding portion (outermost region) 105 having lower 
refractive indexes, the soot synthetic raw material containing silicon is not 
doped with germanium. 

A method for manufacturing an optical fiber according to the 
present invention can provide an improved controllability on the refractive 
index distribution in the radial direction of the optical fiber. 

With reference to Figs. 3(a) to 3(o), an example of a method for 
manufacturing the above-mentioned WDM transmission single-mode 
optical fiber will be described below. 

tTor^tinn of a p^rrinn (region^ to be the first region (A) 1 01 

step i: As shown in Fig. 3(a), a burner 11 and a starting quarte ter 

12 are used to synthesize a soot (soot element) 13, such as by the VAD 
method, which is to be the first region (A) 101 after vitrification at the next 

SteP ' Step 2: As shown in Fig. 3(b), the synthesized soot 13 is heated, for 
example in an atmosphere including SiF 4 , to be a transparent 
Then, the glass 14 is heated by a burner 15 and elongated to be formed 
into a glass 16 as shown in Fig. 3(c). This glass 16 finally becomes the 

^^^ive-described example, only fluorine is used as a dopant so 
as to form the first region (A) having a refractive index nl lower than the 
refractive index nO of silica. However, as illustrated in the table 2, 
germanium and fluorine may be combined to be used as a dopant 

p^rmatinn of a f ™-rinn fregion^ to be the second repion (B) 10 2 

ste 3s Z Sown* Fig. 3(d), a burner 17 is used to synAesize a 

soot 18 around the glass 16 by way of the OVD method^ which soot is to be 
the second region (B) 102 after vitrification at the following step, and 
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thereby to form a glass-soot composite 19. 

Step 4: As shown in Fig. 3(e), the glass-soot composite 19 is heated, 
for example in an atmosphere including SiF* to be a transparent composite 
glass 20. Then, the composite glass 20 is heated by the burner 15 and 
elongated to be formed into a composite glass 21 as shown m Fig. 3(f). 

In the above-described example, only fluorine is used as a dopant so 
as to form the second region (B) having a refractive index n2 lower than 
the refractive index nO of silica. However, germanium and fluorine may 
be combined to be used as a dopant as illustrated in the table 2. 

motion ofar^™ ^ion-> to h<> the third rep-ion (C) 103 

s: As shown in Fig. 3(g), a burner 17 is used to synthesize a 

soot 22 around the composite glass 21 by way of ihe OVD method, which 
soot is to be the third region (C) 103 after vitrification processing at the 
following step, and thereby to form a glass-soot composite 23 

Step 6: As shown in Fig. 3(h), the glass-soot composite 23 is heated, 
for example in an atmosphere including SiF 4 , to be a transparent composite 
glass 24. Then, the composite glass 24 is heated by toe burner 15 and 
elongated to be formed into a composite glass 25 as shown m Fig. 3(i). 

In the above-described example, only fluorine is used as a dopant so 
as to form the third region (C) 103 having a refractive index n3 lower than 
the refractive index nO of silica. However, germanium and fluorine may 
be combined to be used as a dopant as illustrated In the table 2. 

Pormation of a portios frft fno^ to be the fourth refljon fP) 104 

?: ^ ^tnto Fig. 30), a burner 17 is used to synthesize a 

soot 26 around the composite glass 25 by way of the OVD method, which 
soot is to be the fourth region (D) 104 after vitrification processing at the 
following step, and thereby to form a glass-soot composite 27. 

Step 8: As shown in Fig. 3(k), the glass-soot composite 27 is heated, 
for example in an atmosphere including SiF* to be ^^^^P 0 ^ 
glass 28. Then, the composite glass 28 is heated by the burner 15 and 
elongated to be formed into a composite glass 29 as shown in Fig. 30). 

In the above-described example, only fluorine is used as a dopant so 
as to form the fourth region (D) 104 having a refractive index n4 lower 
than the refractive index nO of silica. However, germanium and fluorine 
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may be combined to be used as a dopant as illustrated in the table 2. 

TT^rmfltion of a portion CtesAo ^ tn be the fifth region (5) 105 

Step 9: As shown in Fig. 3(m), a burner 17 is used to synthesize a 

soot 30 around the composite glass 29 by way of the OVD method, which 

soot is to be the outermost, fifth region (E) (cladding portion) 105 after 

vitrification processing at the following step, and thereby to form a 

glass-soot composite 31. 

Step 10: As shown in Fig. 3(n), the glass-soot composite 31 is 

heated and made transparent to form an optical fiber preform 32. 

Basically, no dopant is doped during formation of the outermost 

region 105. 

Formation of Optical fiber 

Step 11: As illustrated in Fig. 3(o), the optical fiber preform 32 is 
inserted onto the drawing furnace, and a lower end of the inserted optical 
fiber preform 32 is heated by a heater 33 and melted. Then, the optical 
fiber preform 32 is drawn to form a single-mode optical fiber with a 
refractive index distribution shown in Fig. 2. 

In the above-described manufacturing method, assuming that the 
soot synthesizing processing and the vitrification processing are included ui 
one step, it is possible to manufacture only in five steps a smgle-mode 
optical fiber preform having a core portion configured of plural layers as 
shown above. 



Examples « « , u 

An example based on the above-described first embodiment of the 

present invention will be described below. 

S2SSE iTihe example 1, three kinds of samples are prepared by the 
aforementioned manufacturing method, which samples having different 
germanium concentrations (mol%) and fluorine concentrations C F 
(mol%) of the portions 101 through 104 of the optical fiber. 

In mis case, the refractive index differences Anl through An5 of the 
respective regions 101 through 105 of the optical fiber relative to the 



21 



reference refractive index nO of the silica glass which includes no dopant, 
the ratio b/a of the outer diameter b of the second region (B) 102 to Ihe 
outer diameter a of the first region (A) 101. and the ratio c/a of the outer 
diameter c of the third region (C) 103 to the outer diameter a of die first 
region (A) 101 are fixed as shown in the table 1 as above: Anl - -0.02, AnZ 
- -0.41, An3 = -0.25, An4 - -0.30, An5 - +0.03, b/a = 1.30, and c/a = 
2.3375. 

As to the samples 1 to 3, transmission characteristics including the 
transmission loss at 1,550 nm, the chromatic dispersion at 1,550 nm, and 
the dispersion slope at 1,550 nm, the effective area A* at 1,550 nm, the 
cable cutoff wavelength X« and the macrobending loss on mandrel 
having an outer diameter of 20 mm (20 mmcp) were measured, which 
results are shown in the teble 3. Also listed in the table 3 are desired 
characteristic requirements for comparison. 
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Evaluation - « - 

The sample 1 is a comparative example while the samples 2 and 3 
correspond to the optical fiber according to the example of the present 
invention. In the table 3, the mark* shows that the data does not meet the 
desired transmission characteristics. 

The sample 1 (comparative example) is an example such that 
germanium is doped in the first region (A) 101 to the third region (C) 103^ 
in which the chromatic dispersion, the dispersion slope, the cable cutoff 
wavelength ^ and the macrobending loss meet the desired requirements, 
however, the transmission loss and the effective area Arfr do not meet the 
desired requirements. The transmission loss in the comparative example 
is larger than the desired transmission loss because much germanium exists 
in the optical transmission region and, on the other hand, fluorine added to 
lower the refractive index difference relative to the silica behaves like 
impurities, thereby increasing the Rayleigh scattering. Accordingly, it is 
noted that the addition amounts of the germanium and fluorine be restricted 
to the appropriate range. 

In the samples 2 and 3, the data meets all the desired transmission 
characteristics. As to the transmission loss, the sample 3 shows a better 
result than the sample 2. This is because, by adding a small amount of 
germanium (0.03 mol%) to the first region (A) 101, 
viscosity is enhanced in an interface between the first region (A) 101 and 
the second region (B) 102 thereby to decrease residual stress-sttam caused 
during drawing shown in Fig. 3(o) and to suppress loss due to the Rayleigh 
scattering. Hence, it is preferable that an appropriate amount of 
germanium is added to the first region (A) 101. 

Thus it has turned out that by optimizing the refractive mdex 
differences relative to silica and the ratio of the outer diameters i of the first 
region (A) 101, the second region (B) 102 and the third region (C) K)3, it is 
possible to obtain the desired transmission characteristics other than the 
transmission loss, and in order to reduce the transmission loss, for example, 
it is necessary to control dopant amounts of germanium and fluorine in the 
silica glass of the first region (A) 101. 
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Example 2 

In this example 2, three samples A to C are prepared, which samples 
having different relative refractive index differences An2 through An4 of 
the respective regions 102 through 104 of the optical fiber, different ratios 
b/a of the outer diameter b of Hie second region (B) 102 to the outer 
diameter a of the first region (A) 101, and different ratios c/a of the outer 
diameter c of the second region (C) 103 to the outer diameter a of the first 
region (A) 101. 

Then, as to the samples 1 to 3, just like in the example 1, 
transmission characteristics including the transmission loss at 1,550 nm, the 
chromatic dispersion at 1,550 nm, and the dispersion slope at 1,550 nm, the 
effective area Aetr at 1,550 nm, the cable cutoff wavelength Kc and the 
macrobending loss on mandrel having an outer diameter of 20 mm (20 
ramcp) were measured, which results are shown in the table 4. Also listed 
in the table 4 are above-mentioned desired characteristic requirements for 
comparison. 
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The samples A and B are comparative examples 1 and 2 and the 
sample C corresponds to an example of the present invention. The mark * 
indicates that the data does not meet the desired transmission characteristic 
requirements. The sample C meets all the desired transmission 
characteristic requirements. 

In the sample A of the comparative example 1, absolute values of 
the relative refractive index differences An2 through An4 are large, and the 
chromatic dispersion, the dispersion slope, the cable cutoff wavelength X*, 
and the macrobending loss meet the desired requirements, the 
transmission loss is larger than the desired value and the effective area 
is smaller than the desired value. 

In the sample B of the comparative example 2, absolute values of 
the relative refractive index differences An2 through An4 are small and the 
outer diameter ratio b/a is also small. As a result, the transmission loss, 
the dispersion slope and the effective area meet the desired 
requirements, however, the chromatic dispersion, the cutoff wavelength and 
the macrobending loss do not meet the desired requirements. 

As is clear from the above, it is required for meeting the desired 
requirements to set the absolute values of the relative refractive index 
differences An2 through An4 and the outer diameter ration b/a within the 
appropriate range. 

Other embo diments 

The first embodiment and the relative refractive index difference 
Anl of the examples 1 and 2 based thereon have been described with use of 
an optical fiber of which the core region (optical transmission region) has a 
three-layer configuration. However, an optical fiber according to the 
present invention is not prevented from having a complex cross section and 
refractive index profile. Following description will be made about other 
illustrative embodiments of an optical fiber of the present invention. 



Second embodiment 

With reference to Fig. 4, a second embodiment of the present 

invention is described below. 

An optical fiber according to the second embodiment of the present 
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invention shown in Fig. 4 is a four-layer optical fiber having a first 
additional region 106 (or sixth optical signal propagation region or snrtfc 
region (F)) between the third region (C) 103 and the fourth region (D) 104 
of the optical fiber of the first embodiment shown in Fig. 2, the first 
additional region 106 having outer diameter off, sixth refractive index of 
"n6" and sixth refractive index difference of"An6" relative to the reference 
refractive index nO of silica. The relative refractive index difference An6 
is defined in conformance with the equation 1 . 

The first region (A) 101 through the third region (C) 103 according 
to this embodiment are the same as the first region (A) 101 through the 
third region (C) 103 of an optical fiber of the first embodiment 

With the assumption that the outer diameter of the outermost 
region 105 is the same as that of the first embodiment and the outer 
diameters of the first region (A) 101 through the third region (C) 103 
are the same as those of the first embodiment, since the first additional core 
region 106 is added , the thickness of the fourth region (D) 104a of the 
second embodiment (= d - f) becomes smaller than me thickness of the 
fourth region (D) 104 of the first embodiment (= d - c). 

The relative refractive index difference An4 of the fourth region 
m) 104a is a negative value, an absolute value thereof being smaller than 
an absolute value of the sixth relative refractive index difference An6 and 
larger than an absolute value of the third relative refractive index difference 
An3 The sixth relative refractive index difference An6 is a negative value, 
an absolute value thereof being smaller than an absolute value of the 
second relative refractive index difference An2 and larger than an absolute 
value of the third relative refractive index difference An3. Accordingly, 
the refractive indexes satisfy the following relation: 
n5>n0>nl >n3>n4>n6>n2 

The optical fiber shown in Fig. 4 is manufactured by forming the 
first additional region (or sixth core region or sixth optical signal 
propagation region) 106 after forming the third region (C) 103 described 
with reference to Fig. 3. The method of forming of the first additional 
region (F) 106 is the same as the forming method of the second region (B) 
102. However, the germanium concentration and fluorine concentration 
are different. 
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The aforementioned desired characteristic requirements are also 
imposed on the optical fiber of the second embodiment, and in feet, the 
optical fiber of the second embodiment satisfies such requirements. 

Third embodiment 

With reference to Fig. 5, an optical fiber according to a third 
embodiment of the present invention will be described below. 

An optical fiber according to the third embodiment of the present 
invention shown in Fig. 5 is a five-layer optical fiber having a second 
additional region 107 (or seventh optical signal propagation region or 
seventh region (G)) between the first additional region (F) 106 and the 
fourth region (D) 104b of the optical fiber of me second embodiment 
shown in Fig. 4, the second additional region 107 having outer diameter of 
«g», seventh refractive index of "n7" and seventh refractive index 
difference of "An7" to the reference refractive index nO of silica. The 
seventh relative refractive index difference An7 is defined in conformance 
with the equation 1 . 

The first region (A) 101 through the third region (C) 103 according 
to this embodiment are the same as the first region (A) 101 through the 
third region (C) 103 of an optical fiber of the first and second 

embodiments. . 

With the assumption that the outer diameter of the outermost region 
105 is the same as that of the first and second embodiments and the outer 
diameters of the first region (A) 101 through the third region (C) 103 are 
the same as those of the first and second embodiments, since the second 
additional core region 107 is added in the third embodiment, the thickness 
of the fourth region (D) 104b (= d - g) is smaller than the thickness of the 
fourth region (D) 104a of the second embodiment (- d - f). 

The relative refractive index difference An4 of the fourth region 
(D") 104b is a negative value, an absolute value thereof being smaller than 
an absolute value of the sixth relative refractive index difference An6 and 
larger than an absolute value of the third relative refractive index difference 
An3 The sixth relative refractive index difference An6 is a negative value, 
an absolute value thereof being smaller than an absolute value of the 
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second relative refractive index difference An2 and larger than an absolute 
value of the third relative refractive index difference An3. 

The seventh relative refractive index difference An7 is a negative 
value, an absolute value thereof being larger than an absolute value of the 
third relative refractive index difference An3 and smaller than an absolute 
value of the sixth relative refractive index difference An6. Accordingly, 
the refractive indexes satisfy the following relation: 
n5>n0>nl>n3>n7>n4>n6>n2 

The optical fiber shown in Fig. 5 is manufactured by, after forming 
the third region (C) 103 described with reference to Fig. 3, forming the first 
additional region (or sixth core region or sixth optical signal propagation 
region) 106 and further forming the second additional region (or seventh 
core region or seventh optical signal propagation region) 107 _ 

The method of forming of the first additional region (F) 106 and the 
second additional region (G) 107 is the same as the forming method of the 
second region (B) 102. However, the germanium concentration and 
fluorine concentration are different 

The above-mentioned desired characteristic requirements are also 
imposed on the optical fiber of the third embodiment, and in fact, the 
optical fiber of the third embodiment satisfies such requirements. 

The present invention has another object to provide an optical fiber 
which has an increased A* and reduced transmission loss while 
maintaining a chromatic dispersion thereof at an appropriate level. 

Another embodiment of the present invention is described below 
with reference to the drawings. Fig. 6 is a schematic explanatory view 
showing an example of refractive index distribution of an optical fiber 
according to the present invention. In Fig. 6, a center core Nl is 
positioned as a center, side core N2 portions are positioned at the outside of 
the center core Nl, first cladding N3 portions and second cladding N4 
portions are successively positioned at the outsides of the side core portions 
N2. 
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The center core Nl has outer diameter of a (not shown), and has the 
maximal refractive index difference Al relative to the refractive index level 
N5 of silica indicated by the refractive index of silica as a reference. The 
side core N2 has outer diameter of b (not shown) and, in the same way as 
the center core Nl, the maximal refractive index difference A2 relative to 
the refractive index level N5 of silica. Also, the first cladding N3 has the 
maximal refractive index difference A3 relative to the refractive index level 
N5 of silica, and the second cladding N4 has almost the same refractive 
index level as the refractive index level N5 of silica. 

In the present embodiment, the refractive index difference A2 
relative to the refractive index level N5 of silica is defined as follows: 

(1) If me side core N2 has no maximal refractive index point, the 
refractive index difference A2 is a value at a point where the gradient of the 
refractive index curve is the smallest. 

(2) If the side core N2 has a maximal refractive index point, the 
refractive index difference A2 is a value of the refractive index difference 
(maximal refractive index value) relative to the silica at tiie maximal 
refractive index point. If the side core N2 has plural maximal refractive 
index points, the refractive index difference^ is the highest one among the 
plural maximal refractive index points. 

Here if the side core N2 has a maximal refractive index point, there 
exists a minimal refractive index point. When a minimum of tiie 
refractive index difference (minimal refractive index value) relative to the 
first cladding at the minimal refractive index point is equal to or more than 
half of the difference between A2 and A3, the side core N2 is configured of 
one layer. 

In addition, when the refractive index curve of the center core Nl is 
made analogous to an a curve, the boundary of the center core Nl and the 
side core N2 is a point where the a curve crosses a line of relative 
refractive index difference of zero. The a curve is expressed by the 
following equation: 

An(r)-An(0)x{l-(2r/a) "} (equation2) 
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wherein 0 ^ r ^ a/2 

Jh the equation, r indicates a distance from the center, a is an outer 
diameter of the center core, An(r) indicates a refractive index at the distance 
of r, An(0) indicates a refractive index at the core center, and a indicates a 
refractive index profile coefficient. 

The boundary of the side core N2 and the first cladding N3 is a 
point where a line which passes a point of one tenth of the refractive index 
difference A2 of the side core N2 relative to the first clad N3 and extends in 
the relative refractive index tffference varying direction crosses a line of 
the relative refractive index difference A3. 

When the above-mentioned equation 2 is used to make the 
refractive index profile of the center core analogous, its boundary with the 
aide core can be obtained. As shown in the table of Fig. 8, a value Al, a 
value A2, a value (A) of the first clad and the above-mentioned values a, b 
are used in calculation to obtain following values. 

A chromatic dispersion shows signal group dispersion and is 
indicated by the unit of (ps/nm/km). A dispersion slope shows a change 
rate at the wavelength of the group dispersion and is indicated by the unit 
of (ps/nm 2 /km). The effective area A** shows extending of an optical 
sienal in the direction perpendicular to the transmitting direction of the 
signal, and is indicated by the unit of urn 2 . The transmission loss 
expresses attenuation of power and is indicated by the unit of dB/km. 
Accordingly, these values are used to evaluate the optical fiber, thereby to 
estimate its transmission capacity. 

An optical fiber according to the present embodiment is an optical 
fiber configured by a center core, a side core, a first cladding and a second 
cladding in this order from the inside of the optical fiber, in which the 
refractive index difference Al of the center core relative to silica falls 
within the range of between -0.20% and 0.20% inclusive, the refractive 
index difference A2 of the side core relative to silica falls within the range 
of between -0.45% and -0.05% inclusive, the refractive index difference A3 
of the first clad relative to silica falls within the range of between -0.50 /o 
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and -0.20%, the refractive index difference Al of the center core relative to 
silica, the refractive index difference A2 of the side core relative to silica 
and the refractive index difference A3 of the first clad relative to silica 
satisfy a relationship of A3 < A2 < Al. In addition, the ratio a/b of the 
outer diameter a of the center core to the outer diameter b of the side core 
falls within the range of between 0.3 and 0.8, the second cladding has 
higher viscosity man the center core, an absolute value of the chromatic 
dispersion at 1,550 ran is in the range of between 4 ps/nm/km and 20 
ps/hm/km, the dispersion slope at 1,550 nm is in the range of between 0.05 
ps/nm 2 /km and 0.08 ps/nmVkm, the transmission loss at 1,550 nm is equal 
to or less than 0.2 dB/km and the effective area A^at 1,550 nm is equal to 

or more than 80 um 2 . 

Here, the refractive index difference Al of the center core relative to 
silica falls within the range of between -0.20% and 0.20% inclusive. 
When the refractive index difference Al exceeds 0.20%, it is required to 
increase an amount of dopant for raising the refractive index, such as Ge, 
which will result in increasing of the transmission loss. On the other hand, 
when the refractive index difference Al is less than -0.20%, it is required to 
increase an amount of dopant for lowering A, such as F, which will results 
in increase of the transmission loss. Hence, in the present invention, the 
refractive index difference Al is set to fall within the range of between 
-0.20% and 0.20% inclusive. 

The refractive index difference A2 of the side core relative to silica 
falls within the range of between -0.45% and -0.05% inclusive. If the 
refractive index difference A2 exceeds -0.05%, the cable cutoff wavelength 
X« will become larger. If the refractive index difference A2 fells below 
-0.45%, the optical fiber will be sensitive to macrobending. Accordingly, 
in this embodiment, the refractive index difference A2 is set to fall within 
the range of between -0.45% and -0.05%. 

The refractive index difference A3 of the first cladding relative to 
silica falls within the range of between -0.50% and -0.20% inclusive. If 
the refractive index difference A3 exceeds -0.20%, the optical fiber will be 
sensitive to macrobending. If the refractive index difference A3 falls 
below -0.50%, the effective area (A**) will become smaller. Accordingly, 
in this embodiment, the refractive index difference A3 is set to fall within 
the range of between -0.50% and -0.20% inclusive. 
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The refractive index difference Al of the center core relative to 
silica, the refractive index difference A2 of the side core relative to silica 
and the refractive index difference A3 of the first cladding relative to silica 
satisfy a relationship of A3 < A2 < Al . By satisfying this relationship, it is 
possible to achieve an optical fiber suitable for WDM transmission. 

Further, the ratio a/b of the outer diameter a of the center core to the 
outer diameter'b of the side core falls within the range of between 0.3 and 
0.8 inclusive. By keeping the ratio within this range, it is possible to 
achieve an optical fiber which has increased effective area (A^) and is 
resistant to macrobending. If the ratio exceeds 0.8, the cutoff wavelength 
will become larger and if the ratio falls below 03, the effective area (Aeu) 

will become smaller. 

The second cladding has higher viscosity than the center core. If 
the viscosity of the second cladding is smaller than that of the center core, 
there will remain residual stress-strain in the center core of the optical fiber 
after drawing and it will become difficult to achieve 0.2 dB/km or less 

transmission loss 

The absolute value of the dispersion value at 1,550 nm is in the 
range of between 4 ps/nm/km and 20 ps/nm/kra inclusive. If the absolute 
value exceeds 20 ps/nm/km, the transmission speed will be limited due to 
wavelength distortion by the accumulated dispersion, and if the absolute 
value is below the 4 ps/nm/km, there will likely occur non-linearity effects 
such as four wave mixing and also, the transmission speed will be limited. 

Further, the dispersion slope at 1,550 nm is in the range of between 
0.05 ps/nm 2 /km and 0.08 ps/nm 2 /km. If the dispersion slope exceeds 0.08 
ps/nnvVkm, the optical fiber wUl become unsuitable for the DWDM 

transmission. . 

Furthermore, the transmission loss at 1,550 nm is equal to or less 
than 0.2 dB/km. If the transmission loss exceeds 0.2 dB/km, power 
attenuation will be increased and high power of incident light will be 
required, resulting in increase in the non-linearity effect 

Furthermore, the effective area at the wavelength 1,550 nm is 
equal to or more than 80 um 2 . If the effective area A^- falls below 80 urn , 
die non-linearity effect will be increased. 

Another embodiment of the present invention is characterized in 
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that the above-described optical fiber is used in at least a part of a * 
transmission channel. This is advantageous in that, as compared with a 
conventional optical fiber for transmission, an optical fiber of the present 
invention presents low transmission loss and an increased thereby 
reducing the non-linearity effect 

Examples 

(Examples 3 through 5) . 

As examples of the present invention, the inventors have examined 
change in characteristics of an optical fiber with a refractive index 
distribution shown in Fig. 6, when changing a parameter. Here, the 
parameter is Al: Al = (n, 2 - x 100(%) in which n, is a retractive 

index of the center core 1 and n* is a refractive index of silica. And it is 
assumed that the refractive index profile of tiie center core is shown in the 
form of steps and there is no maximum refractive index point in the side 

COte The result of this is shown in the table 5 on Fig. 8. Here in the 
table 5 Al value, A2 value and the first cladding value are shown in the 
unit of Vo. The ratio a/b is a ratio value of the outer diameter of the center 
core to that of the side core. Chromatic dispersion is shown in the unit of 
ps/nm/km, the dispersion slope in the unit of psW/km, the transmission 
loss in the unit of dB/km, and A*r is shown in the unit of urn . For 
reference, the cable cutoff wavelength is shown in the unit of nm 

(Comparative example) 

As a comparative example, we prepared an optical fiber having a 
refractive index profile shown in Fig. 7 and examined characteristics of Al 
= (n 3 . 2 - ns 2 ) / (W) x 100 (%) (in which n 3 i is a refractive index if the 
core 31 and n, is a refractive index) of the optical fiber. This examination 
results are also shown in the table 5 on Fig. 8. 

As shown in the table 5, the optical fiber according to any of the 
examples 3 to 5 has characteristics suitable for the WDM optical 
transmission due to optimizing of the refractive index profile. However, 
since the optical fiber of the comparative example is low m A, the 
chromatic dispersion and the cable cutoff wavelength of the optical fiber 
are not suitable for the WDM optical transmission. 
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Next, an optical fiber of the example 3 and a line-type dispersion 
managed optical fiber having a length which almost completely 
compensates for the dispersion of the former optical fiber were used to 
configure an optical transmission channel. Likewise, by use of optical 
fibers of the examples 4, 5 and the comparative example optical 
transmission channels were configured. Then, an experiment was 
performed under the condition that as a requirement of a WDM optical 
signal, sixteen 10 Gbps waves are evenly arranged in the wavelength range 
of between 1,530 to 1,560 nm and the length of each of optical fibers of the 
examples 3 to 5 and comparative examples are set 10 km, which 
experiment result is shown in the table 5 of Fig. 8. 

As is seen from table 5, the optical transmission channel which uses 
an optical fiber according to any of the examples 3 to 5 has characteristics 
suitable for the WDM optical transmission while the optical transmission 
channel which uses an optical fiber of the comparative example is not 
suitable for the WDM optical transmission. An optical transmission 
channel according to the present invention is not limited to such an optical 
transmission channel as described above, and may be realized in various 
embodiments. For example, an optical transmission channel of the 
present invention may be realized by using a dispersion managed optical 
fiber module or the like instead of a line-type dispersion managed optical 
fiber. 

According to the present invention, it is possible to achieve an 
optical fiber with excellent transmission characteristics, having a zero 
dispersion wavelength in the vicinity of 1,300 nm (1.3 urn). Such an 
optical fiber advantageously serves as a WDM transmission single-mode 
optical fiber. 

Further, according to the present invention, it is possible to 
manufacture such optical fibers as described above stably. 

Furthermore, according to the present invention, it is possible to 
facilitate control on tension during drawing of an optical fiber. 

Furthermore, according to the present invention, it becomes 
possible to achieve an optical fiber and a transmission channel both suitable 
for the WDM transmission. 
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